Fifty years after the discovery of superconductivity Bardeen, Schrieffer, and Cooper (BCS) presented a theory of this phenomenon which remained valid for the next fifty years [2] . The BCS theory contains a cut-off energy parameter determining the number of electrons participating in the pairing mechanism and initially suggested to be comparable to the superconducting gap. For many years this parameter remained unspecified [3] but in the modern literature has been replaced by the Debye energy [4] which is about hundred times higher than the gap. The relatively new experiment with flux qubit [1] sheds a new light on that issue supporting the original hypothesis.
The detailed analysis of the microscopic Hamiltonians based on this hypothesis is presented in [5] for all three types of Josephson qubits (charge, phase, and flux qubits [6] ). Here, only a simplified model of flux qubit is discussed.
A flux qubit (FQ) is a small superconducting ring interrupted by one or several Josephson junctions. The thickness of the ring is assumed to be not larger than the penetration depth for the magnetic field (typically ∼ 100nm), what allows to ignore spatial variations of the electric current density. The Cooper pair's circular states |k, µ , which produce current, are labeled by two quantum numbers. The first one k = 1, 2, .., K describes a Cooper pair in its center of motion reference frame and corresponds to a pair of time-reversed single electron states |k ± . Under standard half filling condition there are K/2 Cooper pairs in the sample at zero temperature.
The second quantum number µ = 0, ±1, ±2, ... accounts for the quantized circular motion of the Cooper pair along the ring. According to the Onsager hypothesis [7] a single Cooper pair in a state |k, µ generates a quantized magnetic flux µΦ 0 where Φ 0 = h/2e. Consider a configuration of Cooper pairs described by the occupation numbers n kµ which take values 0, 1, as Cooper pairs behave like hard core bosons. The total magnetic flux is equal to F Φ 0 , where F = k,µ µ n kµ , and the magnetic energy of such configuration is given by
where
m is electron's mass and ℓ is the length of the loop. The formulas (1) and (2) For loops of micrometer diameters, used to construct flux qubits, E L is much higher than the superconducting gap what means that the states with different fluxes F Φ 0 are separated by large energy gaps in comparison with the other relevant energy scales for the system. To produce a qubit one has to switch on an external flux Φ ext = µ ext Φ 0 which modifies the magnetic energy yielding
Taking µ determine the state
which becomes separated from the others and together with the ground state |0 span the flux qubit Hilbert space.
In the two level approximation the eigenstates of the qubit Hamiltonian are suitable superpositions of |0 and |1 and the corresponding qubit frequency reads
Here, the Josephson energy E J = νk |ξ νk | 2 andμ ext = µ ext + δ. The correction δ accounts for the fact that the excited pairs have higher energy than the ground ones (see [5] for the details).
The simple theory presented above can be now compared with the experiment of van der Wal et.al. [1] . The sample is an aluminum 5µm × 5µm loop made of 450nm wide and 80nm thick 
The obtained result can be discussed within the BCS theory [2, 4] . The basic predictions of the BCS concern the relations between the superconducting gap at zero temperature ∆(0), the critical temperature T c , the coupling constant g describing the magnitude of electron-phonon interaction [9] , and the cut-off parameter ω c
The energy cut-off ω c limits the kinetic energy of the electrons participating in the BCS pairing mechanism to the interval [E F − ω c , E F + ω c ] (E F -Fermi energy) and determines the number K of the corresponding electronic states by the expression [4]
Here, N(0) is the density of electronic Bloch states (excluding electron's spin) at the Fermi surface given by [10] 
where κ el is a density of electrons (κ el [Al] = 18.06 × 10 22 /cm 3 ). After substitution one obtains
3K what is close to the critical temperature T c = 1.2K for Al. It allows to formulate the following hypothesis concerning the parametrization of the BCS model:
Notice that (10) agrees with the suggestion ω c ∼ k B T c in the original BCS paper, as well as with the BCS relations (7). On the other hand the assumption ω c = ω D (Debye frequency) usually made in the modern literature implies
The choice ω c ≃ g allows to replace the electron kinetic energy in the BCS Hamiltonian by a
constant E F what leads to a much simpler exactly solvable model which predicts the relation
Another consequence of (10) Obviously, (10) allows to obtain quite high critical temperatures at the cost of moderate increase of the electron-phonon coupling, while (11) strongly suppresses the increase of T c . For example, to obtain the critical temperatures 1.2K(Al) and 9.8K(Nb) one needs, assuming (11), the coupling constant g/k B equal to 72K and 80K, respectively. The same values of g, assuming (10), yield critical temperatures 36K and 40K. Therefore, (10) suggests that the phonon-mediated pairing mechanism could be sufficient to explain high-temperature superconductivity, at least for a certain class of such materials [12] .
In conclusion, it has been shown that the experimental results for a small Josephson junc- 
